Abstract: By fitting model values of physical quantities for deuterated TGSe crystal in theoretically derived expressions for ferroelectric mode frequency, dielectric constant and loss tangent in our earlier paper temperature dependences of these quantities have been calculated. Present results agree with experimental data of literature value.
Introduction
Triglycine selenate (CH 2 NH 2 COOH) 3 H 2 SeO 4 crystal undergoes ferroelectric phase transition at 22 o C. On deuteration the crystal does not show large shift on T c . This shows that proton tunneling is not important in the phase transition mechanism in this crystal. The lattice parameters are =9.54Å, b=12.92Å, c=5.86Å and β=110 o .
Experimental studies on TGSe and deutrated TGSe have been made extensively. Batra et al. 1 have done pyroelectric study of TGSe and DTGSe crystals experimentally. Arago et al. 2 have analyzed dielectric data for partially deuterated triglycine selenate crystals. Vorobyer et al. 3 have done relaxation processes studies of DTGSe crystals. Ghazaryan et al. 4 have synthesized the DTGSe crystals. Choudhury and Chitra 5 have done neutron diffraction study of TGSe crystal.
Theoretical studies on TGSe were initiated by Chaudhuri et al 6 . They considered twosub lattice pseudo spin model. They have used green's function method and obtained soft mode frequency, dielectric constant and T c . Earlier researchers have not considered third order phonon anharmonic interaction. They have decoupled the correlations at an early stage. So that they could not produce better and convincing results. In our earlier paper, we have considered phonon anharmonic interactions terms.
In the present study, we shall fit model values of physical quantities in the expressions obtained in our earlier paper 7 for deutrated TGSe crystal, Temperature dependence of ferroelectric mode frequency, dielectric constant and loss tangent will be calculated for DTGSe crystal. Theoretical results will be compared with experimental results of Hoshino et al. 8 work.
Calculation and Results
In our earlier paper 7 , two-sub-lattice pseudo spin-lattice coupled mode model along with third and fourth order phonon anharmonic interactions terms have been considered for TGStype crystals. The Green's function is differentiated twice with respect to time t and t', with the help of modified Hamiltonian which is then set into Dyson's equation form. As a result Green's function was obtained as:
∆(ω) and Γ(ω) are shift and width of response function (of Green's function). Values of ∆(ω) and Γ(ω) have been given in our earlier paper 7 . By solving Eq. (2), the FE mode frequency was obtained as;
The dielectric constant ε is related to susceptibility χ as ε = 4πχ (since in ferroelectrics ε >>1) which in turn is related to retarded Green's function given in Eq. (2) as χ = 2Nµ 2 G(ω). Therefore, putting the value of Green's function in Eq. (1), the value of dielectric constant ε is obtained as:
The dissipation of power when crystal is exposed to electromagnetic field is expressed as loss tangent. The loss tangent is the ratio of imaginary to real parts of dielectric constant:
By using model values of physical quantities for deuterated TGSe crystal, given in Table 1 , temperature dependences of ferroelectric mode frequency, dielectric constant and loss tangent have been calculated and shown in Figures 1-3 
Discussion
In the present work, by fitting model values for deuterated TGSe crystal in the expressions obtained for crystal in our earlier paper 7 , the temperature dependence of ferroelectric mode frequency, dielectric constant and loss tangent has been calculated. Theoretically calculated results compare well with experimentally reported results of Hoshino et al. 8 for deuterated TGSe crystal. The main aim of the present work is to explain isotope effect in DTGSe. On deuteration, the transition temperature shifts from 22 o C to 34 o C and both dielectric constant and loss tangent versus temperatures curves shift to quite new values. Our expression for transition temperature T c with values for DTGSe explains fairly isotope effect on T c . Our expressions given in Eqs (8-9) explain temperature dependence of ferroelectric frequency, dielectric constant and loss tangent for DTGSe. The change in tunneling frequency is mainly responsible for isotope effects in DTGSe crystal. Hence, with the expressions obtained for DTGSe crystal and different values of physical quantities for DTGSe crystal, one can explain ferroelectric, dielectric and isotope effects in deuterated TGSe crystal.
Conclusion
Present study reveals that the modified model i.e. two sub lattice pseudo spin-lattice coupled mode model with addition of third and fourth order phonon anharmonic interactions terms explain quantitatively well the ferroelectric and dielectric behaviors of pure as well as deuterated TGSe crystal. Theoretical results agree with experimental results of Hoshino et al., 8 , which show the applicability of the present modified model for both TGSe and DTGSe crystals.
